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rniui>n«mn^ WITH SYNTHETIC requirements, a formulator can use a single lubricating base • 

OIL COMPOSmONS WITH SYNlHtllC J ^ ^ a ^ rf ^ Qf 

viscosities, and be can manipulate the kinds and amounts of 

.• •„ ~f , nn tir»iinn Ser No additives that must be present to achieve not only the 

This is a conttnuat.on-in.part of application Ser. No. a . £ aho requ irements specified for 

08/968,696 filed Nov. 12, 1997 now abandoned. a dispersanly, pour poinVand cloud 

BACKGROUND OF THE INVENTION po int. Generally, the mere blending of oils having different 

„ > _: v viscositv characteristics does not enable the formulator to 

Hydrocarbon o.l compositions typically compru* a m*- ~Jlow and high temperature viscosity requirement of 

of improving the performance and properties of the MRU Roving additives, hereinafter referred to as viscos- 

eating oil compos.l on [^"^J^^S )5 sider£ d when formulating oil. It is strongly dependent on 
requirements, as set, for example by ASTM specific al ons. visc ometrics. Many synthetic baseslocks, in par- 
Such compositions must meet a ^^un^CU^l Sar poly alpha olefins (PAD) have a high viscosity index 
ment at high temperature (i.e., at least about 100 C.) and a u P^ y v V visc 4 ity (ccs) . oils with these 

^a^.A2raS. Hne drain through viscosities of an 2 o temperature , blended - ^ 
oil at any two temperatures permits the estimation of vis- limit (i.e. :>w;. nowevcr, inn 

^rr l ^^^^t "t^Z^^l .he foe, economy 

point. Such a straight itae relates UonM oils k aesirable , i, would be advantageous to use a synthetic 

mm'/sec(-cSt)toabsolutetemperamreT(K)bytheWalther ^ ^ ^ ^ ^ ^ fe sulprisingly 

equation, accomplished in the present invention by using esters of 

pbthalic acid which provide an added fuel economy. In 

log log (v+0.7)-*+fi log T 0) addition, the phthalic acid esters of the present invention 

The dimensionless viscosity index (VI), although also exhibit improved wear Performance when used as a 

emdrical is the most common measure of the relative 30 synthetic oil in lubricating applications. .... 

empirical, is in increasine temperature. A Illustrative of a reference suggesting using synthetic oils 

trieVof ££ZE3*£a XffiS relatively is WO 96,78525 to Sch.osberg e, al. (Schl^ which 

Tall decrtast in viscositv with increasing temperature is discloses the use of polyol ester compositions w tt, unco- 

art,i anlv aligned a VI of 100, whereas a series of Gulf verted hydroxyl groups. The polyol esters reportedly extab t 

cS oibhaTinrv^osities that change relatively rapidly is 35 thermal and oxidative s.abib.y, lower frictions coefficients 

alkned a VI of 0. From viscositv measurements a. 40 and and improved wear in crankcase ubr catuig aPPb«Uons 

OtfC the VI of anv oil sample can be obtained from However, Schlosbergdoes not disclose he u*ofph hala te s 

\ . -i j"..w,« nnhlUhed bv ASTM (ASTM D2270). and the inventors of the present application have found that 

ot hav-5 a' V^ at Je 80^™ generally desirable. phtba.ates have a superior combination of fuel economy and 

These oils are composed primarily of saturated hydrocar- 40 wear performance. 

of the paraffinie and alievclic types which give long An article by L. Mattel, P. Pacor and A. Piarone in the 

Se fr«dom P rom^ £dg ano varnishfand generally satis- Journal of Synthetic Lubricant entitled "OUwitb Lx)wEnvi- 

We, treeaom irom t compoun d ed with proper ronmenlal 1 mpact for Modem Combustion Engineer 12-3, 

sometimes pgs 171-189, discos the use of esters and the influence of 

t useful i providing Tow pour point for outdoor applica- 45 viscosity on fuel efficiency. The article discloses that the 

uonsTn cold chma.es and for some refrigeration and com- chemica. composition of the ester * an >»P^£* » 

hods io tuju cuu efficiency. However, this article does not disclose the 

P Th3 theviscosity index is usefu. for characterizing use of ph.halates, nor suggests that the phthalates have 

netroleum oils other viscosity-temperature parameters are improved fuel economy and wear per ormance. _ 

employed period kally. V.scosi.y temperature coefficients 50 U.S. Pat. No 3,974,081 to Rutkowski e. al. dKcloses .be 

(VtS give the fractional drop in viscosity as temperature use of phthalic acid esters for use as swelling jeak » 

r^eT^ from 40 to 100" C. and is useful in characterizing automatic transmissions, power transm.ss.ons, and rotary 

of snicTnes and some other synthetics. With petro- engines al up to 5% by volume. This patent does not disclose 

leurXJ Stocks £ctXo emain constant as increas- that higher concentrations of phthalates may be used, nor 

£ amoums oi VHmprovers are added. 55 that phthalates exhibit improved fuel economy and supenor 

The minimum viscosity requirement at high temperature wear performance, 

is intended to prevent the oil from thinning during engine SUMMARY OF THE INVENTION 

TJ^Z^r^T 6 :^ This invention comprises a lubricating opposition 
vSv requirement at low temperature facilitates engine 60 comprising at least 10% by weight of the total od compo- 
st! in cold wTa.her and also ensures that the cold oil has si.ion of an ester of phthalic acid having a viscosity index 
s^denr P Spabili.v and flowabili.y to avoid engine dam- less than 100. A preferred embod.men, of 'h^ovemton ts 
aofdrXrufficien. lubrication. However, in order to meet phthalic acid esters selected from ^W«S,i 
vKy grade requirement, a minimum low temperature dioctyl ph.halate d.decy P h ^ tt ' ^^.P*^; 
2 requirement must be maintained. 65 diisoctyl ph.halate d.isononyl phthala te diidodecyl 
Tformui q a lin g a lubricating oil composition which meets phthalate, dilndecyl phthalate, d,-n-butyl phthala.e, diisobu- 
both the low and the high temperature viscosity tyl phthalate and mixtures thereof. 
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The invention also discloses a method of improving fuel 
economy and wear of an internal combustion engine by 
treating the moving surfaces with a lubricating composition 
comprising at least 10% by weight of the total lubricating 
composition of an ester of phthalic acid having a viscosity 
index less than 100. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides a lubricating oil compo- 
sition comprising at least about 10% to 50%, preferably 
about 15% to 40%, and more preferably about 20% to 35% 
by weight of the total oil composition of an ester of phlhalic 
acid having a viscosity index less than 100, preferably less 
than 95, and more preferably less than 90. The inventors 
have discovered that the combination of lubricating base oil 
with phthalic add esters of viscosity index less than 100 
results in improved fuel eflBciency and wear performance. 
Preferably, the ester of phthalic acid is selected from the 
group consisting of: dioctyl phthalate, didecyl phthalate, 
diidodecyl phthalate, diisoctyl phthalate, diisononyl 
phthalate, diidodecyl phthalate, ditridecyl phthalate, di-n- 
butyl phthalate, diisobutyl phthalate and mixtures thereof. 

This composition may further comprise a mineral base oil 
such as mineral oils having a viscosiiy index above 110. 

The composilions of the present invention find their 
utilities in lubricating compositions where additives are 
dissolved or dispersed and where at least 10% of the total 
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istics that make them desirable as lubricants. Compared to 
petroleum lubricants, they have lower pour points, a higher 
viscosity index, and a wider range of solubilities including 
water, compatibility with elastomers, less tendency to form 
tar and sludge, and" lower vapor pressure. 

Silicon Oils 

Silicon-based oils such as the polyalkyl-, polyaryl-, 
polyalkoxy-, or polyaryloxysiloxane oils and silicate oils 
comprise another useful class of synthetic lubricants; they 
include tetraethyl silicate, tetraisopropyl silicate, tetra-(2- 
ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, 
letra-(p-terl-bulylphenyl)silicale, hexa-(4-melhyl-2- 
pentoxy)disiloxa"ne, poly(methyl)siloxanes and poly 
(methylphenyl)siloxanes. Other synthetic lubricating oils 
include liquid esters of phosphorous-containing acids (e.g., 
tricresyl phosphate, trioctyl phosphate, diethyl ester of 
decylphosphonic acid) and polymeric tetrahydrofurans. 

Synthetic Hydrocarbons 

The synthetic lubricating oils of the present invention may 
comprise an alkylate compound. These lubricating oils may 
also include hydrocarbon oils and halosubstituted hydrocar- 
bon oils such as polymerized and interpolymerized olefins 
(e.g., polybutylenes, polypropylenes, propylene-isobutylene 
copolymers, chlorinated polybutylenes, etc.) poly(hexenes), 
poly(l-octenes), poly(l-decenes), etc. and mixtures thereof; 
alkylbenzenes (e.g., dodecyl-benzenes, tetradecylbenzenes, 
dinonylbenzenes, di-(2-ethylhexyl)-benzenes, etc.); 
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composition comprises an ester of phlhalic acid. Lubricants 30 polyphenyls (e.g., biphenyls, terphenyls, alkylated diphenyl 
of the present invention can be prepared from a variety of ■ ' — _i ifi ^ - A ' K ~ 

natural and synthetic base stocks admixed with various 
additive packages and solvents depending upon their 
intended application. The base stocks typically include natu- 
ral oils, highly refined mineral oils, poly alpha olefins 
(PAO), polyalkylene glycols (PAG), and silicone oils. 

In a further embodiment, this invention involves a method 
of improving fuel economy and wear of an internal com- 
bustion engine by treating the moving surfaces thereof with 
a lubricating composition comprising at least 10% by weight 40 
of the toial oil composition of an ester of phthalic acid 
having a viscosity index less than 100. 
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Natural Oils 

Natural oils include animal oils and vegetable oils (e.g., 
castor, lard oil) liquid petroleum oils and hydrorefined, 
solvent-treated or acid-treated mineral lubricating oils of the 
paraffinic, naphthenic and mixed Paraffinic-napbthenic 
types. Oils of lubricating viscosity derived from coal or 
shale are also useful base oils. 

Poly Alpha Olefins 

Properties provided by the branched hydrocarbon chain 
structure of poly alpha olefin-containing fluids include high 55 
viscosiiy index in the 130-150 range, pour points of -50 to 
-60° C. for ISO 32 to 68 viscosity range (SAE 10W and 
SAE 20W, respectively), and high temperature stability 
superior to commercial petroleum products. In their use in 
many automotive oils, some ester synthetic fluid is normally 60 
included in the formulation to provide sufficient solubility 
for the approximately 20% additives now employed in many 
automotive oils. 



ethers and alkylated diphenyl sulfides and the derivatives, 
analogs and homologs thereof and the like. 

Oil Additives 

The lubricating composition of the present invention can 
be used in the formulation of crankcase lubricating oils (i.e. 
passenger car motor oils, heavy duty diesel motor oils, and 
passenger car diesel oils) for spark-ignited and compression- 
ignited engines. The additives listed below are typically used 
in such amounts so as to provide their normal attendant 
functions. Typical amounts for individual components are 
also set forth below. All the values listed are slated as mass 
percent active ingredient in the total lubricating oil compo- 
sition. 



ADDITIVE 



MASS % 
(Broad) 



MASS % 
(Preferred) 



Polyalkylene Glycols 

The lubricating oil of the present invention may also 
comprise polyalkylene glycols have a number of character - 



65 



Ashless DUpersaot 0.1-20 1-8 

Metal Detergents 0.1-15 0.2-9 

Corrosion Inhibitor 0-5 0-1.5 

Metal Dihydrocarbyl Dithiophosphale 0.1-6 0.1-4 

Supplemental Anti-oxidanl 0-5 0.01-3 

Poui Point Depressant 0.01-5 0.0l 7 1.5 

Anti-Foaming Agent 0-5 0.001-0.15 

Supplemental Anti-wear Agents 0-5 0-2 

Friction Modifier 0-5 0-1.5 

Viscosity Modifier 0.01-6 0-4 

Synthetic or Synthetic and Mineral Balance (at Balance (at least 

Base Stock ,casl 30% phthalic acid 

phlhalic acid ester) ester) 



The individual additives may be incorporated into a base 
stock in any convenient way. Thus, each of the components 
can be added directly to the base stock by dispersing or 
dissolving it in the base stock at the desired level of 
concentration. Such blending may occur at ambient tem- 
perature or at an elevated temperature. 
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Preferably, all the additives except for the viscosity modi- may have a TBN of 150 or greater, and typically from 250 

fier and the pour point depressant are blended into a con- to 450 or more. 

centrale or additive package described herein as the additive Detergents that may be used include oil-soluble neutral 

package, that is subsequently blended into base stock to and overbased sulfonates, phenales, sulfurized pbenales, 

make finished lubricant. Use' of such concentrates is con- 5 thiopbosphonates, salicylates, and nephthenales and other 

venlional. The concentrate will typically be formulated to oil-soluble carboxylates of a metal, particularly the alkali or 

contain the additive(s) in proper amounts to provide the alkaline earth metals, e.g., sodium, potassium, lithium, 

desired concentration in the final formulation when the calcium, and magnesium. The most commonly used metals 

concentrate is combined with a predetermined amount of are calcium and magnesium, which may both be present in 

base lubricant. 10 detergents used in a lubricant, and mixtures of calcium 

The concentrate is conveniently made in accordance with and/or magnesium with sodium. Particularly convenient 

the method described in U.S. Pat. No. 4,938,880. That patent metal detergents are neutral and overbased calcium sul- 

describes making a pre-mix of ashless dispersant and metal fona.es having TBN of from 20 to 450 TBN, and neutral and 

detergents that is pre-blended at a temperature of at least overbased calcium phenales and sulfurized phenates having 

about 200° C. Thereafter, the pre-mix is cooled to at least » TBN of torn 50 to 450. 

85° C. and the additional components are added. Dihydrocarbyl dithiophosphate metal salts are frequently 

The final crankcase lubricating oil formulation may used as anti-wear and antioxidant agents. The metal may be 

employ from 2 to 20 mass % and preferably 5 to 10 mass %, an alkali or alkaline earth melal, or aluminum, lead, tin, 

more preferably about 7 to 8 mass % of the concentrate or molybdenum, manganese, nickel or copper. The zinc salts 

additive package with the remainder being base slock con- 20 are most commonly used in lubricating oil in amounte ofO.1 

taining ai least 10% by weight phthalic acid esters. to 10, preferably 0.2 to 2 wt. %, based upon the total weight 

^. u, a- t.^^^annil^lnhlenolvmeric of the lubricating oil composition. They may be prepared in 

Tne as h> ess K dls P™ ^ accordance with known techniques by first forming a dihy- 

hydrocarbon backbone havmg function, U^ps tha dro dithiophosphoric acid (DDPA), usually by reac- 

capable of associat.ng with particles «° J* 25 tion of „ ne or m ore alcohol or a phenol with P 2 S 3 and then 

Typically, the compr.s. ^"^^tckbote' neutralizing the formed DDPA with a zinc impound. For 

or ester polar mo.et.es attached to the poljmer backbone a dithiophosphoric acid may be made by reacting 

often v,a a bridging group. The ashless d spersani may _be, P > P H secondary alcohols. Alternatively, 

for example, selected from oil so luble sa Its, ™ J£ dithiophosphoric acids can be prepared where the 

esters, amides, im.des, and oxazol.nes of on c air i hydro- M mul £ P P ^ ^ in char . 

sa.ior. produce formed by condensing long .chair subsn- 3J i ^ ^ ^ rf ^ ^ [q ^ 

luted phenol with formaldehyde and polyalkylene ^ f aQ excess of lh 4 e basi ^ zinc compound in the neutralization 

poly amine. reaction 

The viscosity modifier (VM) functions to impart high and . .w- , a-~~, 

low ,empt"amre operabi itv to a lubricating oil. The VM Oxidation inhibitors or antioxidants reduce the tendency 

usld ma haT.h^le function, or may be multifunctional. 40 of base stocks to de.enora.e m service which deterioration 

usea may nave nidi 1U111..1 , , 4U can be evidenced by the products of oxidation such as sludge 

Mul.ifunc.ional viscosity modifiers that also function as e nish . like * £ on the meta , surfaces and by 
dispersants are also known. Suitable viscosity modifiers are fe § P fc .^.^ hindered 
polyisobutylene, copolymers of ethylene and pnRta ' and * b ^ ^ ^ Qf alkylpheno nhioesters 
higher alpha-olefins, polyme hacryla.es, P referab lv C, to C,, alkyl side chains, calcium 
polyalkylme.hacola.es, methacrylate copo^mers, copoly- 45 nony £ h P nol ^ f shle ss oil soluble phenates and sum- 
mers of an unsa.ura.ed d.carboxyl.c acid and . vinyl . P phenales> phosphosulfurized or sulfurized 
compound, inter polymers of styrene and acrylic esters, and P ^ ^ es , ers me , al lhiocalbamat e S , oil 
partially hydrogena.ed copolymer - of J>>«"*-°P™£ ^ ^compound as described in U.S. Pat. No. 
s.yrene/bu.ad.ene, and jsoprene/butadtene « we U *s toe H£ comainin 
par.ia.lyhydrogena.edhomopolymersofbu,adieneand,so- 50 • • > 

prene and isoprene/divinylbenzene. economy OH-soluble a Ikoxyla.ed mono- and di-amines are 

MetaKon.ain.ng or ash-form.ng detergent funcnon both « boundary layer lubrication. Tbe 

as detergents .o reduce o, remove deposm and as aad J ^ ^ q{ an adduct Qr 

neutralize* or rust ^^^j^S^g 55 region pr'oduc, with a boron compound such as boric 

corrosion and extending engine life Detergent generally 55 P^ metaborate, boric acid or a mono-, di- 

comprise a polar head with long hydrophobic tail, with the • 

polar head comprising a metal salt of an acid organic or tn-alkyl borate. 

compound The salts mav contain a substantially stoichio- Other friction modifiers are known. Among these are 

metric amount of the metal in which tbey are usually esters formed by reacting carboxyhc acids and anhydrides 

described as normal or neutral salts, and would typically 60 with alkanols. Other conventional friction modifiers gener- 

have a total base number (TBN), as may be measured by ally consist of a polar term.nal group (e g. carboxyl or 

ASTM D-2896 of from 0 to 80. It is possible to include large hydroxyl) covalently bonded to an oleophilic hydrocarbon 

amounts of a metal base by reacting an excess of a metal chain. Esters of carboxylic acids and ^bydndes with 

compound such as an oxide or hydroxide with an acid gas alkanols are described in U.S. Pat No. 4,702,850. Exampks 

such as carbon dioxide. The resulling overbased detergent 65 of other conventional friction mrxlifiers are desmbed by M. 

comprises neutralized detergent as the outer layer of a melal Belzer in the "Journal of Tnbology (1992), Vol 114, pp. 

base (eg carbonate) micelle. Such overbased detergents 675-682 and M. Belzer and S. Jahanmir in Lubricating 
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Science" (1988), Vol 1, pp. 3-26. One such example is 
organo-metallic molybdenum. 

Rust inhibitors selected from the group consisting of 
nonionic polyoxyalkylene polyols and esters thereof, poly- . 
oxyalkylene phenols, and anionic alkyl sulfonic acids may * 
be used. 

Copper and lead bearing corrosion inhibitors may be 
used, but are typically not required with the formulation of 
the present invention. Typically such compounds are the 10 
thiadiazole polysulfides containing from 5 to 50 carbon 
atoms, their derivatives and polymers thereof. Derivatives of 
13,4 thiadiazoles such as those described in U.S. Pat. Nos. 
2,719,125; 2,719,126; and 3,087,932; are typical. Other 
similar materials are described in U.S. Pat. Nos. 3,821,236; 15 
3,904,537; 4,097387; 4,107,059; 4,136,043; 4,188,299; and 
4,193,882. Other additives are the thio and polythio sulfe- 
namides of thiadiazoles such as those described in UK 
Patent Specification No. 1,560,830. Benzotriazoles deriva- 
tives also fall within this class of additives. When these 2 o 
compounds are included in the lubricating composition, they 
are preferably present in an amount not exceeding 0.2 wt. % 
active ingredient. 

A small amount of a demulsifying component may be 
used. A preferred demulsifying component is described in 25 
EP 330,522. It is obtained by reacting an alkylene oxide with 
an adduct obtained by reacting a bis-epoxide with a poly- 
hydric alcohol. The demulsifier should be used at a level not 
exceeding 0.1 mass % active ingredient. A treat rate of 0.001 
to 0.05 mass % active ingredient is convenient. 

Pour point depressants, otherwise known as lube oil 
improvers, lower the minimum temperature at which the 
fluid will flow or can be poured. Such additives are well 
known. Typical of those additives which improve the low 
temperature fluidity of the fluid are C 8 and C 18 dialkyl 
fumarale/vinyl acetate copolymers, polyalkylmethacrylales 
and the like. 

Foam control can be provided by many compounds 
including an antifoamant of the polysiloxane type, for 40 
example, silicone oil or polydiraethyl siloxane. 

Some of the above-mentioned additives can provide a 
multiplicity of effects; thus for example, a single additive 
may act as a dispersant-oxidation inhibitor. This approach is 
well known and does not require further elaboration. 
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EXAMPLE 1 

Sequence VIA Screener 

The Sequence VIA fuel economy procedure has six opera- 
tional stages and a 16 hour pre-aging of the oil. The engine 
is a Ford 4.6L V-8. Fuel economy is determined relative to 
a base case oil using a weighted sum of the fuel consumption 
which includes operating power and a scaling factor for each 
stage. The screener runs Stages 1 and 4 and a 3 hour aging 
as given below: 
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-continued 







Conditions 




Aging 


Stage 3 Stage 4 


Oil Temp, C 


125 


105 70 


Weighting 




7% 51% 



EXAMPLE 2 



Fuel Economy 



Oils tested 



Various oil formulations underwent the Sequence VIA 
Screener test described in Example 1. The oils tested are 
described in Table 1. An additive package ranging from 
20.06 to 22.26% weight of the total composition was used 
for each oil. There are six candidate oils which differ in ester. 
The treat rate of ester is 20 wt %. The esters evaluated are 
tri-methylolpropane octanoale/decanoate, tri- 
35 melhylolpropane 2-ethyl hexanoate, diisodecyl phthalate, 
alkyl (c24 average) benzene, tri-metbylolpropane oxo- 
octanoate, and pantaerythritol oxo-octanoate. For 
comparison, a no ester all RAO base case is included in the 
design. 



Each oil was blended to viscometric targets of 3500 cP ccs 
at -30° C. and 10.1 cSl kinematic viscosity at 100° C. A 
3250 cP ccs is the lower limit of the 5W viscosity range. All 
of the candidate blends except the tri-methylolpropane 
octanoate/decanoale allowed for reductions in the ratio of 
PA06 to PA04 relative to the all PAO base case oil. 
50 Reductions in the amount of PA06 are expected to give 
credits in the hydrodynamic stages of the Sequence VIA. 
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RESULTS 



Conditions 



Aging 



Stage 3 



Stage 4 



Hours 

Speed, RPM 
Load, Nm 



1500 
98.0 



1.5 
800 

26 



1.5 
1500 



Results of the Sequence VlAscreeners are given in Table 
60 2. All the candidate oils except tri-methylolpropane 
Octanoate/Decanoate showed increased weighted % Fuel 
Efficiency Index (FE1) relative to the base case. The 
weighted FE1 of the base case is 1.16%. The tri- 
65 melhylolpropane 2-elhyl hexanoate, alkyl (c24 average) 
benzene, tri-methylolpropane oxo-octanoate, and pen- 
taerythritol oxo-octanoate are all greater than 1.5% FEI. 



US 6,235,691 Bl 



10 



TABLE 1 



GF-2 Full Synthetic Sequence VIA Soccnei Oils 



Addilive + Diluent 



1 

20.06 



21.06 



3 

22.46 



22.16 



5 

22.26 



6 

22.06 



7 

21.96 



Basestocks 

4 cSi poly alpha olefin (PA04) (VI - 125) 

6 cSl poly alpha olefin (PA06) (VI - 135) 

Tri-methylolpropane Octanoate/Decanoate (VI - 124) 

Tri-methylolpropane 2-clhyl bexanoate (VI — 285) 

Diisodecyl phthalale (VI - 55.8) 

Alkyl (c24 average) Benzene (VI - 11.5) 

Tri-methylolpropane Oxo-Octaooate (VI - 74) 

Pentaeryihritol Oxo-Ocianoate (VI - 89.4) 

Total 

KV100 (cSl) 
ccs at —30 C <cP) 



15.19 
64.75 



10.01 
48.93 
20.00 



35.96 
21.58 



20.00 



39.04 
38.80 



20.00 



21.94 
35.80 



20.00 



46.93 
31.03 



20.00 



300.00 3 00.00 
30.10 1053 
3210 3580 



300.00 
10.26 
3510 



100.00 
10.19 
3430 



100.00 
10.23 
3300 



58.04 



20.00 



100.00 100.00 
30.04 1 0.00 
3320 3350 



TABLE 2 

GF-2 Full Synthetic Sequence VIA Screener Result* 



Sample Oil 



Stgl BCFC 


Stg4 BCFC 


% Imp Stgl 


% Imp Stg4 


Weighted 
FE! 


686.7600 


329.0800 


-0.3727 


1.4435 


1.1593 


677.1300 


330.3900 


3.0348 


3.0512 


0.9829 


673.5500 


328.1200 


1.5580 


3.7313 


1.5845 


687.7600 


327.9600 


-0.5186 


3.7790 


1.4155 


681.5100 


327.6200 


0.2326 


1.8479 


1.546? 


669.6300 


328.1800 


1.9719 


3.6803 


1.5847 


671.0500 


328.0700 


1.7640 


1.7133 


1.5906 



1 No Ester Bast 

2 Tri-methylolpropane Octanoale/Dccanoate 

3 Tri-methylolpropane 2-elhyl hexanoale 

4 Diisodecyl phthalale 

5 AlVyl (c24 average) Benzene 

6 Tri-methylolpropane Oxo-Octanoate 

7 Pentaeryihritol Oxo-Octanoale 



The results show that the esters have improved fuel efficiency performance over the non-«ler based synthetic oil. 



EXAMPLE 3 (D1DP) (HHE) 

Ester (15% D1DP) (10% HHE) 

Sequence UJE Wear performance ^ A vg. Wear 2.60 320.1 

An ASTM Sequence HIE lest was conducted in order to ^^-pass) 5 QC m8QQ 

compare the weai performance of the phthalates to high (<64 ^ . pa5S ) 

hydroxy! esters. The test simulates severe high temperature/ . — 

load field service such as high speed trailer towing. ^ ^ p£rformancc resu]ts show |faat tfac phthalalc 

Wear performance is evaluated as the loss in dimension cs|ef s j gD jfj cam ] y improves the wear performance of the 

length of valve lifters and diameters on cam lobes. The engine compared to the high hydroxyl esters. Therefore, Ihe 

average wear reported below in Table 3 is the average pbthalate ester synthetic oil has improved fuel efficiency 

lobe/lifter wear loss of 12 lobe/lifter location pairs. The over non-ester based synthetic oil and significantly 

maximum weaT loss is the largest wear loss measured on one superior wear performance over the high hydroxyl esters, 

lobe/lifter location pair. ^l^What is claimed is: 

The operating conditions are as follows. The ASTM L A hrbrCTg uJ z&spx*^ 

Sequence P lllE test operates for 64 hours in a GM 3.8 liter »3W to about PCIft by tiinqhl, ^ ^j^g ^ 

vTeas^Iine engine under high load and temperature con- the Ubnafimg uJ Lu muyi li ep , ^tt ^^ S 

v o gasonnc cu^iuc ujjuti uigt y ^ having o viscosity in d ex o f at lcom-isS, ffnd 

ditions. After a 4bour break-in, test ^operation is steady state 55 

at 3000 RPM, 67.8 horsepower, 149* C. oil temperature and ~g ^ ^^iiiJuT of *n ^77^^ 

155° C. coolant temperature. boving a visoooiiy ir i dojt of lore tbon 309 . 

Table 3 below shows the wear results comparing high 2 . Tbi ujuipusitiun of claim 1, whtiein oosd ester o f' 

hydroxyl esters with diisodecyl phthalale (D1DP). Both pathetic ac i d i3 from about 10 to 50% b y weigh t o f i nc -fto te l 

compositions contain the same additive package and have 60 oil composition . 

the same oil weight (0W30). 3. The compoo i tion of claim 1, wherein coid o&of-ot. 

phihalic ooid is from obout 15 to 10ft by woight of tha tote * 

TABLE 3 oil uompocitioa . 

— ^— — — — 4 . Tbi composition of claim 1, w herein &oid Q&of-e& 

Sequence IHE Wear Performance Results tf pb ^ na |j c ac jd hoG 0 viccocily indoit of loGO than PuN 

Diisodccvl phihalaie High hydroxyl esters 5. The compooition of claim 1 whoroin Eoid m km^&S 

ph«Vi a ti/» *r\A ; c c„Wi P ^ frnrn the gwy rnnnytmp nV 



